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Background: The emerging novel coronavirus disease 2019 (COVID-19) has become one of the leading cause
of deaths worldwide in 2020. The present systematic review and meta-analysis estimated the magnitude of
sleep problems during the COVID-19 pandemic and its relationship with psychological distress.
Methods: Five academic databases (Scopus, PubMed Central, ProQuest, ISI Web of Knowledge, and Embase) were
searched. Observational studies including case-control studies and cross-sectional studies were included if
relevant data relationships were reported (i.e., sleep assessed utilizing the Pittsburgh Sleep Quality Index or
Insomnia Severity Index). All the studies were English, peer-reviewed papers published between December
2019 and February 2021. PROSPERO registration number: CRD42020181644.
Findings: 168 cross-sectional, four case-control, and five longitudinal design papers comprising 345,270 par-
ticipants from 39 countries were identified. The corrected pooled estimated prevalence of sleep problems
were 31% among healthcare professionals, 18% among the general population, and 57% among COVID-19
patients (all p-values < 0.05). Sleep problems were associated with depression among healthcare professio-
nals, the general population, and COVID-19 patients, with Fisher’s Z scores of -0.28, -0.30, and -0.36, respec-
tively. Sleep problems were positively (and moderately) associated with anxiety among healthcare
professionals, the general population, and COVID-19 patients, with Fisher’s z scores of 0.55, 0.48, and 0.49,
respectively.
Interpretation: Sleep problems appear to have been common during the ongoing COVID-19 pandemic. More-
over, sleep problems were found to be associated with higher levels of psychological distress. With the use of
effective programs treating sleep problems, psychological distress may be reduced. Vice versa, the use of
effective programs treating psychological distress, sleep problems may be reduced.
Funding: The present study received no funding.








Ltd. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/)1. Introduction
Prior to 2020, respiratory diseases were the fourth leading cause
of death [1]. However, with the outbreak of the novel coronavirusdisease 2019 (COVID-19) in December 2019, respiratory infections
caused more deaths due to COVID-19 [2]. According to the World
Health Organization (WHO) as of April 16, 2021, there were over
137,866,000 known cases of COVID-19 and over 2,965,000 cases of
COVID-19 death worldwide [3].
Prior research has found that the prevalence of COVID-19 is asso-
ciated with major psychological distress and significant symptoms of
mental health illness [4-8]. The sudden onset of a threatening illness
Research in context
Evidence before this study
The novel coronavirus disease 2019 (COVID-19) pandemic has
caused psychological problems and sleep problems in different
populations, including healthcare professionals, COVID-19
infected individuals, and the general population.
Added value of this study
Patients with COVID-19 infection had the highest prevalence of
sleep problems, and healthcare professions had the second
highest prevalence of sleep problems. Moderate associations
between sleep problems and psychological distress (including
depression and anxiety) were found.
Patients with COVID-19 infection and health professions are
at risk of having sleep problems, and that there are moderate
associations between sleep problems and psychological
distress.
Implications of all the available evidence
These data emphasize the need of programs and treatments to
assist different populations in overcoming sleep problems and
psychological distress, especially patients with COVID-19 infec-
tion and health professions.
2 Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916puts great pressure on healthcare workers [9]. Consequently, health-
care workers may have impaired sleep because they need to deal
with the illness, suffer from the high risk of death, and adapt to irreg-
ular work schedules and frequent shifts [10-15]. They may experi-
ence sleep problems, anxiety, depression, and stress when faced with
this major public health threat [16-18]. Due to their job demands,
they are in frequent contact with patients and therefore suffer from
extremely high-level stress. Therefore, they may develop acute sleep
problems, including poor sleep quality and experience too little sleep
[19]. Given that healthcare professionals are the frontline workers
who take care of patients, their health is extremely important. More
specifically, if healthcare providers have any health issues that pre-
vent them from taking care of patients, their local communities more
specifically, and their country more generally, will encounter a huge
challenge of healthcare burden and consequently impact on all resi-
dents’ health.
In addition to healthcare workers, the general population is likely
to develop mental health and sleep problems due to the impacts of
COVID-19 [20] because a substantial change in lifestyle is a huge
stressor [21,22]. For example, individuals may need to self-isolate
and quarantine at home, avoid social activities for leisure and recrea-
tion that they had participated in previously, and strictly obey the
new policies to minimize spread of the virus (e.g., wearing a mask in
public areas) [23,24]. The general population may also receive threat-
ening information such as daily statistics concerning COVID-19 infec-
tion and deaths reported from the news or social media [25,26]. With
the lifestyle changes and threatening information, the general popu-
lation may avoid contact with other individuals due to great fear of
infection, developing feelings of helplessness or suffering from panic
[27]. In other words, the general population might experience psy-
chological problems directly due to the COVID-19 pandemic [28].
Different factors contributing to insomnia and psychological prob-
lems have been reported. The most important risk factors for insom-
nia and mental health problems during the COVID-19 pandemic are
being a healthcare worker, having an underlying illness, living in
rural areas, being a woman, and being at risk of contact with COVID-
19 infected patients. Among non-medical healthcare workers, havingan underlying disease is a risk factor for insomnia and mental health
problems [29]. Indeed, among the natural and non-natural disasters
that can occur to humans, the COVID-19 pandemic has caused severe
psychological distress due to the large number of individuals affected
globally and the contagious and deadly nature of the virus [30]. The
COVID-19 pandemic as a worldwide public health issue is a traumatic
event that has affected both the sleep and mental health of the gen-
eral public and healthcare providers [31-35]. Moreover, several poli-
cies implemented to reduce the spread of COVID-19 (e.g., quarantine)
have been found to have some negative effects on an individuals’ psy-
chological health [34].
Because sleep is important for human beings to maintain daily
functions [36], several studies have focused on sleep problems all
with the use of self-report data during the COVID-19 pandemic. Dif-
ferent findings regarding the sleep and psychological problems dur-
ing COVID-19 in different populations have been reported among
these studies. For example, Zhang et al. reported that the prevalence
of insomnia was higher among non-medical healthcare workers (e.g.,
students, community workers, and volunteers) than among medical
healthcare workers (prevalence rate of 38.4 vs. 30.5%, p<.01). Wang
et al. reported higher prevalence of sleep problem among medical
staff compared to non-medical staff comprising students, community
workers, and volunteers (66.1% vs. 47.8, p<.01) and frontline health-
care providers compared to non-frontline medical workers (68.1 vs.
64.5, p=0.14) [37].
The quality of sleep during the COVID-19 pandemic and its related
factors have been reported in an increasing number of studies. A
recent study conducted a meta-analysis to understand the sleep
problems during the COVID-19 pandemic [38]. The study found that
the pooled prevalence rate of sleep problems globally was 35.7%,
with the most affected group being patients with COVID-19 (74.8%),
followed by healthcare providers (36.0%), and the general population
(32.3%). In addition, sleep difficulties and psychological distress due
to COVID-19 on those patients with COVID-19 were reported in a
cohort study [39]. Patients with COVID-19 had sleep difficulties,
depression, and anxiety at six months after acute infection. Another
systematic review found the associations between COVID-19 and
psychiatric symptoms among patients with mental illness, healthcare
workers, and non-healthcare workers [40]. However, only the infor-
mation on sleep difficulties has been well analyzed using robust
meta-analysis method. Therefore, psychological distress and the
associations between sleep problems and psychological distress have
yet to be synthesized. Given the significant number of published
studies on sleep quality, psychological distress, and related factors,
and the importance of systematic reviews and meta-analyses in sum-
marizing and analyzing the results of existing studies, the present
study was designed and conducted with the aim of estimating sleep
problems during the COVID-19 period (January to October, 2020) and
its relationship with psychological distress.
2. Methods
The present systematic review was conducted utilizing the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [41]. A systematic literature search was carried
out utilizing five academic databases, and relevant studies were
extracted and their methodological quality was assessed using the
Newcastle Ottawa Scale (NOS) checklist. Findings were synthesized
using a meta-analysis approach. The protocol was registered in the
PROSPERO International prospective register of systematic reviews
(ID code: CRD42020181644 [42]).
2.1. Search strategy
Five academic databases including Scopus, PubMed Central, Pro-
Quest, ISI Web of Knowledge, and Embase were searched
Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916 3systematically between February 17 to 19, 2021. The search terms
were extracted from published reviews and primary studies in addi-
tion to PubMed Medical Subject Headings (MeSH). The main search
terms were ‘sleep’ and ‘COVID-19’. The Boolean search method (AND/
OR/NOT) was used to develop the search. Search syntax was custom-
ized based on the advanced search attributes of each database. The
full search strategy for each database is provided in Supplementary
Table 1. Additionally, further sources (i.e., reference lists of included
studies and systematic reviews of published papers) were searched
to increase the likelihood of retrieving relevant empirical studies.
2.2. Inclusion criteria
Observational studies including case-control studies and cross-
sectional studies were included if relevant data relationships were
reported (i.e., sleep assessed using the Pittsburgh Sleep Quality Index
or Insomnia Severity Index). More specifically, if the studies were
included if they estimated the prevalence of sleep disorders and/or
examined the relationship between sleep and psychological distress
using Pearson’s correlation coefficient (e.g., if the odds ratio [OR]
information reported by the studies could be converted into Pear-
son’s correlation coefficient; detailed information in 2.6 Data synthe-
sis). English, peer-reviewed papers published between December
2019 and August 2020 were included. There were no limitations
regarding participants’ characteristics.
2.2.1. Primary outcome
Estimation of sleep problems frequency was the primary outcome.
Sleep problems were defined in a broad category of sleep disorders
characterized by either hypersomnolence or insomnia. The three
major subcategories of sleep problems were intrinsic (i.e., arising
from within the body), extrinsic (secondary to environmental or
pathological conditions), and disturbances of circadian rhythm. SleepFigure 1. PRISMA Flowchaproblems had to have been assessed using valid and reliable psycho-
metric scales or confirmed with defined cut-off points for character-
izing as sleep problems. More specifically, Pittsburgh Sleep Quality
Index (PSQI) and Insomnia Severity Index (ISI) were used to assess
the primary outcomes because PSQI and ISI have items assessing the
three major subcategories of the aforementioned sleep problems. For
instance, a global score of 5 or more indicates poor sleep quality on
the Pittsburgh Sleep Quality Index [43], or total score of 8 or more on
the Insomnia Severity Index [44]2.2.2. Secondary outcomes
There were three secondary outcomes: (i) association of sleep
problems with psychological distress in the context of the COVID-19
pandemic; (ii) heterogeneity and its possible sources; and (iii) mod-
erator variables in association of sleep problems and psychological
distress related to COVID-19 pandemic. Ridner defined psychological
distress (PD) as: “a state in response to stressors marked by perceived
discomfort and inability to cope” [45]. In the present study, psychologi-
cal distress was considered as either depression (defined as having
depressed mood) and/or anxiety (defined as having excessive worry
and being nervous). These had to have been assessed using valid and
reliable psychometric scales. That is, studies were excluded if psycho-
logical distress was assessed using a non-psychometrically validated
self-designed questionnaire. Moreover, in the present systematic
review and meta-analysis, depression, and anxiety were treated as
continuous variables.2.3. Study screening and selection
In the first step, title and abstract of all retrieved papers were
screened independently by two researchers based on the inclusion
criteria. The full texts of potentially relevant studies were furtherrt of selected studies
Table 1
Data extraction- Summarized characteristics
ID Authors Year Country Collection Date Lock
down
Period












2 Xiao [67] 2020 China January and Febru-
ary 2020
no Cross-sectional Medical Staff 180 71.7 67.8 32.31 5 PSQI Self-Rating Anxiety
Scale
3 Zhang [68] 2020 China 29 January to 3
February 2020
no Cross-sectional Medical staff 1563 82.73 63.92 18 to above 60 5 ISI GAD-7
PHQ-9




603 69 36.5 5 PSQI GAD-7
& CESD
10 Xiao [70] 2020 China January 2020 yes Cross-sectional Individuals who
self-isolated
170 40.5 64.7 37.78 4 PSQI Self-Rating Anxiety
Scale
12 Zhang [29] 2020 China February 19 to
March 6, 2020
no Cross-sectional Medical health
workers
2182 64.2 82 less than 18 to
above 60
5 ISI PHQ-4
16 Wanqiu [71] 2020 China 24 Feb to 25 Feb
2020
no Cross-sectional Workforce 673 25.6 54.4 30.8 5 ISI Impact of Event
Scale-Revised,
DASS-21
18 Qi [32] 2020 China February 2020 no Cross-sectional Frontline medical
workers
1306 80.4 68.4 33.1 3 PSQI anxiety and
depression VAS




18147 79.5 38 5 ISI PHQ-9
GAD-7
23 Tu [73] 2020 China February 7 to 25,
2020
no Cross-sectional Frontline nurses 100 100 70 34.44 7 PSQI PHQ-9
GAD-7
24 Jahrami [74] 2020 Bahrain April 2020 no Cross-sectional Frontline health-
care workers
257 70 89.1 40.2 7 PSQI PSS (Perceived
Stress Scale)
25 Lin [31] 2020 China February 5 to 23,
2020




26 Magnavita [75] 2020 Italy March 2020 no Cross-sectional Health care
workers












2020 Spain 1 and 15 April,
2020
yes Cross-sectional Nursing students/
post 4 weeks
lockdown
207 81.6 20.57 6 PSQI EQ-5D
28 Fu [77] 2020 China February 18 to 28,
2020
no Cross-sectional Wuhan residents 1242 69.73 33.7 above 18 5 AIS PHQ-9
29 Guo [78] 2020 China 110 February
2020
no Cross-sectional Adults 2441 52.4 70.3 18 to above 51 6 PSQI CESD




College students 66 62.12 20.70 5 PSQI DASS-21
32 Li [80] 2020 China 25 April to 9 May
2020
no Cross-sectional Workers with
income losses
398 49.5 49.5 18 to above 40 9 ISI GAD-7
PHQ-9
34 Wang [81] 2020 China 30 January to 7
February 2020
no Cross-sectional Medical workers 123 90 30.08 33.75 6 PSQI SAS
SDS




85 49.4 85.9 48.8 6 ISI GAD-7
PHQ-9




2,410 49.2 76.55 36.3 5 PSQI GAD-7
PHQ-9




274 77.4 81.8 37 5 PSQI GAD-7
PHQ-9
39 Marelli [84] 2020 Italy March 24 to May 3,
2020
no Cross-sectional University stu-
dents
and staff




42 Wu [85] 2020 China February 2020 no Case- control Frontline vs. non
frontline clinical
staff









1515 65.6 61.1 42 5 ISI GAD-7
PHQ-9













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916 11examined based on the aforementioned criteria. In this process, rele-
vant studies were selected.
2.4. Quality assessment
The Newcastle Ottawa Scale (NOS) was used to evaluate the
methodological quality of the studies in observational studies. Three
characteristics (i.e., selection, comparability, and outcome) were
examined with the NOS checklist. The checklist has three versions
for evaluating cross-sectional studies (seven items), case-control
studies (eight items), and cohort studies (eight items). Despite a
slight difference in number and content of items, each item is rated
with a star, except comparability which can have two stars. This
results in a maximum quality score of 9 for each study. Studies with
less than 5 points are classified as having a high risk of bias [46]. No
studies were excluded based on the quality rating. However, sub-
group analysis was conducted to assess the impact of quality on
pooled effect size
2.5. Data extraction
A pre-designed form was prepared to extract data from included
studies. Data including first author’s name, collection date, study
design, country, number of participants, gender, mean age, scales
used to assess psychological distress and sleep problems, numerical
results regarding the frequency of sleep problems, and relationship
between sleep problems and psychological distress. It should also be
noted that study selection, quality assessment, and data extraction
were processes performed independently by two reviewers. Dis-
agreements were resolved through discussion.
2.6. Data synthesis
A quantitative synthesis using STATA software version 14 was
conducted. Meta-analysis was run using random effect model
because included studies were taken from different populations,
and both within-study and between-study variances should be
accounted for [47]. The Q Cochrane statistic was used to assess het-
erogeneity. Also, the severity of heterogeneity was estimated using
the I2 index. Heterogeneity is interpreted as (i) mild when I2 is less
than 25%, (ii) moderate when I2 is 25 to 50%, (iii) severe when I2 is
50 to 75%, and (iv) highly severe when I2 is greater than 75% [48].
Two key measures were selected for present study: (i) prevalence
of sleep problems and (ii) correlation of sleep problem with psycho-
logical distress. The numerical findings regarding prevalence of sleep
problems were reported consistently in 177 included studies. This
key measure and its 95% confidence interval (CI) are reported. How-
ever, the association between sleep problems and psychological dis-
tress was reported differently in the included studies. Pearson’s
correlation coefficient was the selected effect size for meta-analysis.
Due to the inconsistency in reporting numerical findings of this
association, the other effect sizes of standardized mean difference
and crude odds ratio were transformed into Pearson’s correlation
coefficients [49,50] using the Psychometrica website [51]. Also, Pear-
son’s r correlation coefficient was converted to Fisher’s z, due to the
potential instability of variance. Consequently, all analyses were per-
formed using Fisher’s z values as effect size (ES) [52,53]. Fisher's z-
transformation was applied using the following formula: z = 0.5 £ ln
(1+r-1-r). The standard error of z was calculated based on the fol-
lowing formula: SEz = 1/x (n-3) [54]. Therefore, the selected mea-
sure of effect, selected for current meta-analysis, is expressed as
Fisher's z score and its 95% CI.
For assessing moderator analysis and finding the possible sources
of heterogeneity, subgroup analysis or meta-regression was carried
out based on the number of studies in each group. Moreover, the
three subgroups for synthesized analyses (i.e., general population,
Figure 2. Results of quality assessment
12 Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916healthcare professionals, and patients) did not have any overlapping
participants. More specifically, the general population did not include
healthcare professionals or patients. If the number of studies in any
group was less than four studies, meta-regression was used. Funnel
plot and the Begg's Test were used to assess publication bias [55]. The
Jackknife method was used for sensitivity analysis [56].
2.7. Role of the funding source
The present systematic review and meta-analysis did not receive any
specific funding. However, one of the authors (Dr. C-Y Lin) received a
grant on COVID-19 research to support his works on COVID-19. The
grant that Dr. Lin received had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.
3. Results
3.1. Study screening and selection process
The initial search in five databases resulted in 7263 studies: Sco-
pus (n=2518), ISI Web of Knowledge (n=474), PubMed (n=338), Embase
(n=1426), and ProQuest (n=2507). After removing duplicate papers, a
further 5647 papers were screened based on title and abstract.
Finally, 555 papers appeared to be potentially eligible and their full-
texts were reviewed. In this process, 177 studies met the eligibility
criteria and were pooled in the meta-analysis. Figure 1 shows the
search process based on the PRISMA flowchart.
3.2. Study description
All the included studies (N=177) collected the data online and com-
prised 345,270 participants from 39 different countries (, Algeria, Argen-
tine, Australia, Austria, Bahrain, Bangladesh, Belgium, Brazil, Canada,
China, Colombia, Egypt, Ethiopia, Finland, France, Greece, India, Iran,
Iraq, Israel, Italy, Lebanon, Malaysia, Morocco, Nepal, Netherlands,
Nigeria, Oman, Pakistan, Palestine, Poland, Qatar, Saudi Arabia, Serbia,
Spain, Sweden, Syria, Turkey, Tunisia, United Arab Emirates, UK, USA,
and Vietnam). Of these, 28 studies collected data during the national
lockdown period in the respective countries. The two countries with the
highest number of eligible studies were China (N=76) and Italy (n=17).
The smallest sample size was 20, and the largest sample size was 56,932.
The mean age of participants varied from 15.26 years to 69.85 years.
Approximately two-thirds of overall participants were females (63.5%)and one-third were married (35.33%). The most frequently used study
design was cross-sectional (n=168). Four studies had a case-control
design and five studies had a longitudinal design. In longitudinal studies,
collected data during the COVID-19 pandemic were extracted. Various
measures were used to assess sleep problems, with the Insomnia Sever-
ity Scale (ISI; n=93) and Pittsburgh Sleep Quality Index (PSQI; n=60)
being the most frequently used scales in the studies. Psychological dis-
tress was also assessed with different measures, with the Patient Health
Questionnaire (PHQ; n=73) and Generalized Anxiety Disorder Scale
(GAD; n=75) being themost frequently used scales in the studies. Table 1
provides the summary characteristics of all included studies.
3.3. Quality assessment
As aforementioned, the maximum score on the NOS is 9 and a
score less than 5 is classified as having a high risk of bias [46]. Based
on this criterion, 130 studies were categorized as being high quality
studies. The impacts of study quality were further assessed and
reported in subgroup analysis. The most common problems were in
selection of participants. Online sampling leads to non-representa-
tiveness of the sample, sample size being not estimated or justified,
and number of non-respondents being not reported. The results of
the quality assessment are provided in Figure 2.
3.4. Outcome measures
Three target groups of participants were studied: healthcare pro-
fessionals (n=62), general population (n= 105), and COVID-19
patients (n=10). Outcome measures are reported based on these tar-
get groups.
3.4.1. Sleep problems pooled prevalence based on participant target
groups
3.4.1.1. Healthcare professionals. The pooled estimated prevalence of
sleep problems among healthcare professionals was 43% [95% CI: 39-
47%, I2:99.29%, Tau2:0.03]. Figure 3 provides the forest plot showing
the pooled prevalence. Subgroup analysis (Table 2) and uni-variable
meta-regression (Table 3), and multivariable meta-regression
(Table 4) showed that none of the examined variables influenced the
prevalence of sleep problems or heterogeneity. The probability of
publication bias was assessed using Begg’s test and funnel plot. Based
on Begg’s test (p=0.12) and funnel plot (Figure 4), the probability of
Figure 3. Forest plot displaying the estimated pooled prevalence of sleep problems among health professionals
Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916 13publication bias was confirmed. Due to probability of publication bias
in estimation of pooled prevalence of sleep problems in healthcare
professions, the fill-and-trim method was used to correct the results.
In this method, 20 studies were imputed and the corrected results
based on this method showed that pooled prevalence of sleep prob-
lems among healthcare professions was 0.31 (95% CI: 0.27 to 0.36;
p<.001). Funnel plot after trimming is provided in Figure 5. Also, sen-
sitivity analysis showed that pooled effect size was not affected by a
single study effect.
3.4.1.2. General population. The pooled estimated prevalence of sleep
problems among the general population was 37% [95% CI: 35-40%,
I2:99.77%, Tau2:0.02]. Figure 6 provides the forest plot showing thepooled prevalence. Subgroup analysis (Table 2) showed that during
lockdown, participants in longitudinal studies showed a significantly
higher prevalence of sleep problems. Based on uni-variable meta-
regression (Table 3), the country of residence was the other signifi-
cant variable in prediction of prevalence of sleep problems among
the general population. Also, multivariable meta-regression (Table 4)
confirmed that country and lockdown period were significant influ-
ential factors on prevalence of sleep problems, explaining 26.32% of
variance.
The probability of publication bias was assessed using Begg’s test
and funnel plot. Based on Begg’s test (p=0.01) and funnel plot
(Figure 7), the probability of publication bias was confirmed. Due to
probability of publication bias in estimation of pooled prevalence of
Table 2
Results of subgroup analysis regarding estimated pooled prevalence
Healthcare professionals (N=62) General Population (N=105) Covid-19 patients (N=10)
Variable No. of studies Pooled prevalence
(95% CI)
I2 (%) p for I2 No. of studies Pooled prevalence
and 95% CI
I2 (%) p for I2 No. of studies Pooled prevalence
and 95% CI
I2 (%) p for I2
Quality Low quality 17 41 (33-48) 98.99 0.47 23 33 (27-39) 99.61 0.10 3 42 (27-57) 97.8 0.04
High quality 45 44 (39-49) 99.37 82 38 (35-42) 99.76 7 64 (49-71) -
Lockdown period Yes 3 45 (32-57) - 0.81 29 46 (37- 55) 99.79 0.01 - - - -
No 59 43 (39-47) 99.32 76 34 (31-37) 99.71 10 57 (42- 72) 98.5
Gender group Female only 21 40 (34-47) 99.33 0.34 32 34 (30-38) 99.74 0.11 1 82 (78- 85) - <0.001
Both gender 41 44(39-50) 99.28 73 39 (35- 43) 99.75 9 54 (40 -69) 98.10
Study design Cross Sectional 60 42 (38-47) 99.3 0.96 99 36 (33-39) 99.77 <0.001 9 57 (41-73) 98.67 0.80
Case-control 2 42 (41-44) - 2 50 (32-38) - - - -
Longitudinal - - - 4 63 (52-74) 86.86 1 55 (47-63) -
Measure of sleep PSQI 19 48 (38-58) 99.29 0.24 38 45 (39-50) 99.73 <0.001 3 65 (42- 88) - <0.001
ISI 34 39 (34-45) 99.37 53 31 (28-35) 99.75 6 48 (38- 58) 92.81
other 9 46 (35-56) 98.12 14 39 (29-49) 99.68 1 82 (78-85) -
Overall estimated prevalence 62 43 (39-47) 99.29 105 37 (35-40) 99.75 10 57 (42- 72) 98.5
95% CI=95% confidence interval. PSQI=Pittsburgh Sleep Quality Index. ISI=Insomnia Severity Index.
Table 3
Results of Univariable meta-regression regarding estimated pooled prevalence
Healthcare professionals (N=62) General Population (N=105) Covid-19 patients (N=10)
Variable No. of
studies

















Country 62 0.002 0.002 0.38 99.26 -0.26 0.04 105 0.006 0.001 <0.001 99.68 12.34 0.04 10 -0.004 0.01 0.77 98.64 -11.13 0.04
Age 34 0.005 0.007 0.46 99.2 -1.5 0.04 69 0.002 0.002 0.48 99.8 -0.7 0.04 8 0.0005 0.003 0.88 98.66 -12.57 0.04
Female % of
participants
62 0.001 0.001 0.72 99.29 -1.45 0.04 103 -0.0001 0.001 0.95 99.73 -0.9 0.04 10 -0.002 0.006 0.71 98.65 -10.51 0.04
Married %
of participants
39 0.001 0.002 0.51 99.30 -1.54 0.04 52 0.001 0.001 0.37 99.74 -0.4 0.04 8 -0.002 0.007 0.80 98.46 -16.04 0.04










Results of multivariable meta-regression regarding estimated pooled prevalence
Healthcare professionals General Population
Variable Coefficient S.E. p Coefficient S.E. p
Country -0.003 0.007 0.64 0.006 0.001 <0.001
Design 0.06 0.24 0.81 **
Lockdown period (yes vs. no) 0.23 0.17 0.21 0.08 0.04 0.03
Study quality (low vs. high quality) 0.12 0.13 0.40 0.04 0.04 0.39
Age -0.003 0.01 0.78 0.001 0.001 0.26
% Female of participants 0.03 0.003 0.39 0.001 0.001 0.30
% Married of participants 0.003 0.004 0.35 -0.001 0.001 0.11
Measure of sleep -0.06 0.09 0.50 -0.03 0.032 0.20
Between-study variance (tau2) 0.03 0.03
% Residual variation due to heterogeneity (I2 residual) 99.27 99.68
Proportion of between-study variance explained (adjusted R2) -26.23 26.33
N.B. Due to insufficient observations, meta-regression was not conducted for COVID-19 patients subgroup.
** Due to collinearity design was omitted.
Figure 4. Funnel plot assessing publication bias in studies regarding prevalence of
sleep problems among health professionals
Figure 5. Corrected funnel plot assessing publication bias in studies re
Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916 15sleep problems among the general population, the fill-and-trim
method was used to correct the results. In this method, 50 studies
were imputed and the corrected results based on this method
showed that pooled prevalence of sleep problems was 18% (95% CI:
15-21%; p<.001). Funnel plot after trimming is provided in Figure 8.
Also, sensitivity analysis showed that pooled effect size was not
affected by a single study effect.
3.4.1.3. COVID-19 patients. The pooled estimated prevalence of sleep
problems was 57% among COVID-19 patients [95% CI: 42 to 72%,
I2:98.5%, Tau2:0.06]. Figure 9 provides the forest plot showing the
pooled prevalence. Subgroup analysis (Table 2) showed studies with
female-only participants had a higher prevalence of sleep problems
significantly (82% vs. 54% respectively). Other variables did not influ-
ence heterogeneity or estimated pooled prevalence in this partici-
pants group. The probability of publication bias was assessed using
Begg’s test and funnel plot. Based on Begg’s test (p=0.53) and funnel
plot (Figure 10), the probability of publication bias was rejected. Also,
sensitivity analysis showed that pooled effect size was not affected
by a single study effect.garding prevalence of sleep problems among health professionals
Figure 6. Forest plot displaying the estimated pooled prevalence of sleep problems
among general population
Figure 7. Funnel plot assessing publication bias in studies regarding prevalence of
sleep problems among general population
16 Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916Overall, the prevalence of sleep problems was significantly differ-
ent in target participants considering 95% confidence interval of sleep
prevalence. The corrected pooled estimated prevalence of sleep prob-
lems was 31% (95% CI: 27-36%), 18% (95% CI: 15-21%) and 57% (95%
CI: 42-72%), among healthcare professional, general population and
COVID-19 patients respectively. The highest prevalence of sleep
problems was seen among COVID-19 patients.3.4.2. Association of sleep problems with psychological distress
3.4.2.1. Healthcare professionals. The association of sleep problems
with depression and anxiety among health professionals were
reported in 14 and 15 studies respectively. The pooled estimated
effect size showed poor correlation between sleep problems and
depression with Fisher’s z score of -0.28 [95% CI: -0.32 to -0.24,
p<0.001, I2=82.9%; Tau2 = 0.004]. However, a moderate correlation
was found between sleep problems and anxiety with Fisher’s z score
of 0.55 [95% CI: 0.49 to 0.59, p<0.001, I2=82.7%; Tau2 = 0.10]. The for-
est plots are shown in Figures 11 and 12.
Based on subgroup analysis (Table 5), quality of studies (low vs.
high), gender group of participants (female vs. both gender), and
measure of sleep problems (PSQI vs. others) influenced heterogeneity
of association of sleep problems and depression among health profes-
sionals. Meta-regression (Table 7) showed that age and marital status
(married vs. others) significantly decreased the heterogeneity and
explained substantial proportion of variance (72.8% and 43.85%
respectively). Examined variables in subgroup analysis and meta-
regression were not identified as possible source of heterogeneity or
influential in the estimated pooled effect size in the association of
sleep problems and anxiety (Table 6). Publication bias and small
study effect was not found in association of sleep problems and
depression/anxiety based on Begg’s test (p=0.87 and p=0.81 respec-
tively).
3.4.2.2. General population. The association of sleep problems with
depression and anxiety among the general population were reported
in 15 and 12 studies respectively. The pooled estimated effect size
showed moderate correlation between sleep problems and
Figure 8. Corrected funnel plot assessing publication bias in studies regarding prevalence of sleep problems among general population
Figure 9. Forest plot displaying the estimated pooled prevalence of sleep problems among COVID-19 patients
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Figure 10. Funnel plot assessing publication bias in studies regarding prevalence of
sleep problems among Covid patients
18 Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916depression with Fisher’s z score of -0.30 [95% CI: -0.32 to -0.28,
p<0.001, I2=74.4%; Tau2 = 0.001]. Also, a moderate correlation was
found between sleep problems and anxiety with Fisher’s z score of
0.54 [95% CI: 0.48 to 0.60, p<0.001, I2=95.2%; Tau2 = 0.01]. The forest
plots are shown in Figures 13 and 14. Based on subgroup analysis
(Table 5 and 6), lockdown status (no vs. yes) reduced the heterogene-
ity in association of sleep problems and depression. Based on meta-
regression (Table 7), age was a significant moderator in association
between sleep problems and anxiety, which explained 50.37% of vari-
ance. However, the other examined variables were not identified as
possible sources of heterogeneity or influential on the estimated
pooled effect size in the association between sleep problems and
depression/anxiety.
Based on Begg’s test, publication bias and small study effect were
not found in the association between sleep problems and depression
(p=0.52). Although publication bias was not significant in association
between sleep problems and anxiety (p=0.41), based on funnel plot,
publication bias was probable. Consequently, fill and trim method
was used to correct probable publication bias. After imputation of
three studies, the association between sleep problems and anxiety
was estimated as Fisher’s z score of 0.48 (95% CI: 0.41 to 0.54).
3.4.3. COVID-19 patients
The association of sleep problems with depression and anxiety
among general population was reported in only two studies. The
pooled estimated effect size showed moderate correlation between
sleep problems and depression with Fisher’s z score of -0.36 [95% CI:
-0.49 to -0.24, p=0.0007, I2=7.4%; Tau2 = 0.001]. Also, a moderate cor-
relation was found between sleep problems and anxiety with Fisher’s
z score 0.49 [95% CI: -0.12 to 1.1, p<0.001, I2=95.2%; Tau2 = 0.01]. The
forest plots are shown in Figures 15 and 16. The number of studies
was too few to conduct further secondary analysis including sub-
group/meta-regression analysis, controlling publication bias, and
small study effect.
4. Discussion
The present systematic review and meta-analysis synthesized
data from 177 recently published studies on this topic to more rigor-
ously investigate the prevalence of sleep problems and how sleep
associated with psychological distress. The synthesized results
showed that the pooled estimated prevalence of sleep problems
regardless of gender and population was 37% during the COVID-19outbreak. Additionally, a much higher prevalence rate of sleep prob-
lems was identified among patients with COVID-19 infection (55%)
and healthcare professionals (43%). These findings concur with Jah-
rami et al. [38] who reported in their meta-analysis that the highest
prevalence rate of sleep problems was found among COVID-19
patients. Meta-regression in the present review further indicated
that country, age, gender, and marital status did not contribute to the
estimated prevalence in sleep problems.
The nonsignificant finding for gender contradicts prior evidence
showing that being female is a risk factor for insomnia and mental
health problems [27, 56]. This may be explained by the samples
recruited because the analyzed studies in the present review com-
prised a large proportion of females. The imbalanced gender distribu-
tion may have led to a reduced gender effect, which in turn, resulted
in a nonsignificant finding. Regarding the association between sleep
problems and psychological distress, sleep problems were found to
be moderately correlated with depression (ES=0.54) and anxiety
(ES=0.55). Subgroup analysis and meta-regression additionally
showed that being a COVID-19 patient and being of older age were
significant predictors of a higher association between sleep problems
and psychological distress.
The high prevalence of sleep problems found in the present
review can be explained by fear of COVID-19 and sleep-related fac-
tors (e.g., the changes in sleep-wake habits with delayed bedtime,
lights off time, and sleep onset time due to quarantine and lockdown)
[57]. The national and global COVID-19 death statistics are commonly
and routinely reported by the social media and news [57]. Therefore,
prior research has found the higher levels of psychological distress
and significant symptoms of mental illness in various populations
since the start of the pandemic [4-6]. Indeed, evidence prior to the
pandemic has demonstrated that individuals may experience sleep
problems when they experience major public health threats [16-18].
The higher prevalence of sleep problems found among healthcare
professionals can be further explained by their job nature. Health
professionals, especially those who are frontline workers dealing
with COVID-19 infected patients on a daily basis, encounter much
higher high risk of infection and irregular work schedules than those
working in other occupations [10-15].
Lockdown was found to be a significant factor in explaining sleep
problems. However, this finding may be confounded by the different
policies implemented to inhibit the spread of COVID-19 across the 39
countries analyzed in the present review. For example, mainland
China launched a strict lockdown policy to prohibit almost all out-
door activities, while the lockdown policy in other countries was not
as strict. Nevertheless, the present findings support prior evidence
that lockdown negatively impacted individuals’ psychological health
and sleep [57].
There are several clinical implications from the present study’s
findings. First, government and healthcare providers worldwide need
to design and implement appropriate programs and treatments to
assist different populations, including healthcare professionals,
patients, and the general population, in overcoming sleep problems.
For example, effective programs (e.g., cognitive behavioral therapy
for insomnia and meditation) [58] reported in prior research can be
embedded in smartphone apps and healthcare professional training
to prevent or deal with the sleep problems for different populations.
Second, the associations between sleep problems and psychological
distress provide the empirical evidence that healthcare providers
should simultaneously tackle sleep problems and psychological dis-
tress. Consequently, psychological distress can be reduced when an
individual’s sleep is improved (and vice versa). Third, special atten-
tion may need to be paid to COVID-19 patients and older individuals
because the present review showed a higher association between
their sleep problems and psychological distress. Moreover, specific
populations such as children and their caregivers should not be
ignored regarding their psychological needs and sleep issues.
Figure 11. Forest plot displaying the estimated pooled Fishers’ Z score in association of sleep problems and depression among health professionals
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populations, the present findings concerning the specific group of
older individuals may generalize to other specific populations. It is
recommended that programs comprising psychological support for
family having children to overcome the difficulties during COVID-19
pandemic are implemented [60].
The present review has some strengths. First, the prevalence
of sleep problems has been estimated across different populations
and this information provides healthcare providers with a greater
and more contextualized picture regarding the impacts of COVID-
19 on sleep problems. Second, methodological quality of each
analyzed study was assessed using the NOS checklist. Within the
meta-analysis findings, subgroup analysis and meta-regression
were used to provide thorough information and therefore the
meta-analysis findings are robust. Third, generalizability of the
present review’s findings is good because the synthesized sample
size was large (N=345,270) and the participants were recruited
from 39 countries.The present review has some limitations. First, most of the studies
adopted a cross-sectional design (n=56) and only seven studies (three
which used a case-control design and four which used a longitudinal
design) considered the time effect in the causal relationship. There-
fore, the relationships between sleep problems and psychological dis-
tress found in the present review do not have strong causality
evidence. Diverse evidence in the causality has been proposed. Using
longitudinal designs, Vaghela and Sutin [59] found that psychological
distress might lead to poor sleep, while Mazzer and Linton [60] found
that shorter sleep duration might lead to higher levels of psychologi-
cal distress. Moreover, the lack of pre-COVID-19 pandemic informa-
tion on sleep problems hinders the understanding of changes of sleep
problems caused by COVID-19. Second, different measures were used
in the studies that were evaluated (e.g., PSQI, ISI, and ASI for sleep
problems). Given that different measures may have different features
in capturing the severity of sleep problems, there may have some
biases in estimating prevalence for sleep problems and effect sizes
for the associations between sleep problem and psychological
Figure 12. Forest plot displaying the estimated pooled fishers’ Z score in association of sleep problems and anxiety among health professionals
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assessing sleep problems and psychological distress. Therefore, find-
ings in the present review cannot rule out social desirability and
memory recall biases. Third, the impacts of COVID-19 on sleep and
mental health problems are dynamic. That is, individuals may have
different levels of sleep and mental health problems according to the
severity of COVID-19 outbreak in their localities or countries. More-
over, the policies in controlling the COVID-19 outbreak are different
across countries [57,61-66]. Therefore, the estimated findings in the
present review cannot represent the impacts of COVID-19 during a
specific period. Fourth, the analyzed studies in the present review
had a large proportion of Chinese and Italian populations. Similarly,
the synthesized samples were mostly young adults. Therefore, the
generalizability of the present review’s findings to different ethnic
populations and age groups (i.e., older people and children) is
restricted. Given that China and Italy were the first two countries to
be severely impacted by the COVID-19 pandemic, there isunderstandably more research carried out in these two countries.
However, the contributions of other countries, especially the Ameri-
can and African populations, should not be ignored. Further research
should be carried out in other ethnic populations and different coun-
tries to balance the findings and maximize the generalizability. Fifth,
the present meta-analysis had very large heterogeneity (as shown in
Fig. 3) and evidence of publication bias (as shown in Fig. 4). Therefore,
the findings without removing the heterogeneity in the meta-regres-
sion and subgroup analysis might be biased. Finally, most of the stud-
ies included in the meta-analysis were not of high quality (as shown
in Fig. 2). Therefore, future studies require higher quality designs to
investigate sleep problems during COVID-19 pandemic.
In conclusion, sleep problems appear to have been common dur-
ing the COVID-19 pandemic. One in every three individuals reported
the sleep problems. Nearly half of the healthcare professionals (43%)
encountered sleep problems during the pandemic period. Healthcare
providers may want to design appropriate programs to help
Table 5
Results of subgroup analysis regarding estimated pooled correlation between sleep and Depression
Healthcare professionals (N=14) General Population(N=15)
Variable No. of studies ES (95% CI) I2 (%) No. of studies ES (95% CI) I2 (%)
Quality Low quality 6 -0.30 (-0.35; -0.25) 28 4 -0.32 (-0.37; -0.26) 71.2
High quality 8 -0.28 (-0.33; -0.22) 88.9 11 -0.29 (-0.32; -.27) 76.2
Gender group Female only 6 -0.30(-0.34; -0.26) 23.8 4 -0.32 (-0.39; -0.25) 79.7
Both gender 8 -0.27 (-0.32; -0.21) 88.7 11 -0.29 (-0.32; -0.27) 74.7
Lockdown Yes 1 -0.34 (-0.36; -0.31) - 4 -0.33 (-0.38; -0.28) 78.6
No 13 -0.27 (-0.31; -0.24) 60.8 11 -0.29 (-0.31; -0.26) 58.9
Study design Cross-sectional 12 -0.28 (-0.32; -0.24) 85.5 14 -0.30 (-0.32; -0.27) 75.5
Case-control 1 -0.28 (-0.46; -0.1) - - - -
Longitudinal 1 -0.29 (-0.42; -0.15) - 1 -0.38 (-0.51; -0.24) -
Measure of sleep PSQI 7 -0.30 (-0.34; -0.27) 4.6 7 -0.30 (-0.33; -0.27) 64.6
ISI 5 -0.22 (-0.24; -0.21) - 7 -0.29 (-0.33; -0.25) 72.9
other 2 -0.32 (-0.37; -0.28) 35 1 -0.34 (-0.36; -0.31) -
Overall estimated prevalence 14 -0.28 (-0.32; -0.24) 82.9 15 -0.30 (-0.32; -0.28) 74.4
Table 6
Results of subgroup analysis regarding estimated pooled correlation between sleep and Anxiety
Healthcare professionals (N=15) General Population(N=12)
Variable No. of studies ES (95% CI) I2 (%) No. of studies ES (95% CI) I2 (%)
Quality Low quality 7 0.59 (0.49; 0.68) 82.5 3 0.55 (0.48; 0.62) 73.5
High quality 8 0.52 (0.46; 0.58) 78.1 9 0.53 (0.46; 0.61) 96.2
Lockdown period Yes 1 0.48 (0.45; 0.50) - 3 0.45 (0.32; 0.58) 78.4
No 14 0.55 (0.50; 0.60) 75.6 9 0.57 (0.49; 0.65) 96.3
Gender group Female only 7 0.55 (0.47; 0.63) 83.9 3 0.49 (0.31; 0.66) 90.9
Both gender 8 0.54 (0.48; 0.60) 76.8 9 0.56 (0.47; 0.64) 95.8
Study design Cross-sectional 14 0.55 (0.50; 0.60) 83.3 11 0.56 (0.49; 0.62) 95.4
Case-control - - - - - -
Longitudinal 1 0.41 (0.28; 0.55) - 1 0.28 (0.15; 0.42) -
Measure of sleep PSQI 10 0.53 (0.47; 0.58) 68.1 6 0.51 (0.47; 0.57) 88.7
ISI 2 0.64 (0.51; 0.77) 60.1 5 0.60 (0.40; 0.80) 97.7
Other 3 0.50 (0.44; 0.56) 78.1 1 0.48 (0.45; 0.50) -
Overall estimated prevalence 15 0.55 (0.49 to 0.59) 82.7 12 0.54 (0.48; 0.60) 95.2
Table 7
Results of meta-regression regarding correlation between sleep and psychological distress
Depression Healthcare professionals (N=14) General Population(N=15)
Variable No of
studies











Country 14 0.002 0.003 0.62 83.99 -8.4 0.002 15 -0.0004 0.001 0.64 75.9 -7.49 0.002
Age 12 -0.002 0.001 0.006 13.91 72.8 0.0004 13 0.002 0.001 0.21 77.65 1.88 0.002
Female % of participants 14 -0.002 0.001 0.12 71.23 19.31 0.001 15 -0.001 0.001 0.38 68.46 3.93 0.002
Married % of participants 12 -0.001 0.0004 0.08 37.2 43.85 0.001 6 -0.001 0.0004 0.52 72.16 -3.47 0.002
Anxiety Healthcare professionals (N=15) General Population (N=12)
No of
studies











Country 15 -0.002 0.005 0.73 83.61 - 13.03 0.01 12 -0.0005 0.003 0.89 95.62 -10.62 0.02
Age 10 0.011 0.005 0.05 62.52 54.77 0.01 10 0.01 0.005 0.02 95.03 50.37 0.02
Female % of participants 15 -0.002 0.002 0.38 83.37 - 12.64 0.01 11 0.001 0.003 0.70 95.68 -9.10 0.03
Married % of participants 9 0.006 0.003 0.46 87.86 21.25 0.01 5 0.0004 0.005 0.95 97.31 -31.77 0.02
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Figure 13. Forest plot displaying the estimated pooled Fishers’ Z score in association of sleep problems and depression among general population
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Figure 14. Forest plot displaying the estimated pooled Fishers’ Z score in association of sleep problems and anxiety among general population
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Figure 15. Forest plot displaying the estimated pooled Fishers’ Z score in association of sleep problems and depression among COVID-19 patients
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Figure 16. Forest plot displaying the estimated pooled fishers’ Z score in association of sleep problems and anxiety among Covid patients
Z. Alimoradi et al. / EClinicalMedicine 36 (2021) 100916 25individuals overcome their sleep problems. Moreover, sleep prob-
lems were found to be associated with higher levels of psychological
distress (including depression and anxiety). Therefore, with the use
of effective programs treating sleep problems, psychological distress
may be reduced. Vice versa, the use of effective programs treating
psychological distress, sleep problems may be reduced. However, it is
possible that the association between sleep problems and psycholog-
ical distress found in the present review is contributed by confound-
ers. In other words, causality may not be happened between sleep
problems and psychological distress. Therefore, more longitudinal
studies and randomized controlled trials are needed to investigate
the causality between sleep problems and psychological distress.
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